In this paper we aimed to determine the surface tension of traditional Chinese medicine (TCM) tablet and tried to provide a key reference parameter to control tablet film coating quality. Using contact angle tester, the Chinese medicine tablet, a famous Fufang Danshen tablet CP as a model example, was determined by Zisman critical surface tension method. Our study showed that the critical surface tension of Fufang Danshen tablet CP was determined to be 18.00 dyne/cm. The Zisman method, hence, can determine successfully the critical surface tension of Chinese medicine tablet and will become an effective manner to control tablet film coating quality.
Introduction
Film coating is a process which involves the deposition of a membrane consisting of polymer, plasticizer, colourant and possibly other additives onto the surface of a pharmaceutical dosage form, typical a tablet or a granule. Over the past two decades, there has been a dramatic increase in the use of this process in China. The reasons for file coating are many and varied. They include [1] : 1) To improve product appearance, odour and taste and to aid swallowing. 2) To aid identification and hence decrease the risk of confusion, especially when patients have to take several preparations. 3) To protect the active ingredient against heat, light and moisture. 4) To separate incompatible active ingredients present in the preparation. 5) To prevent dust formation during subsequent packing on high-speed packing lines. 6) To control the release of an active ingredient by use of either a coating with pH-dependence solubility or a coating that acts as a diffusion membrane. Compared to the conventional sugar coat, the film coat is relatively thin typically 10 -100 μm. Although the technology involved in the application of such a thin coating to a substrate is not new, having precedents in both the paints and adhesive technologies, problems do occur resulting in a number of film defects. These can either affect the visual appearance of the coated tablet or, more importantly, result in the loss of continuity of the film and thus affect the release of the active ingredient from the preparation. Therefore, looking for the reference factor of quality control of film coating of tablet is necessary.
One of the requirements of tablet film coating is that good adhesion of the coat to the tablet must be achieved. The properties of the coating formulation as well as those of the tablet can influence adhesion. The prerequisite for good adhesion is the spreading of the atomized droplets over the surface of the tablet and limited penetration of the coating solution into pores of the tablet. Both of these are controlled by the surface tension of the tablet and the coating. The surface tension of solid surface can be determined using: Owen's method [2] , Van Oss's [3] method and Zisman's method [4] . The both of Owen's and Van Oss's must depend on accurate interaction energy parameters of all components to determine the surface tension of TCM tablet but it is difficult owing to the ingredients of the tablet extracting from various herbs are complicate. So we make an experiment in order to find out the surface tension of CTM tablet by Zisman's method.
Zisman and his associates found that when the cosine of the contact angle, was plotted versus the surface tension for a homologous series of liquids spread on a surface such as Teflon (polytetrafluoroethylene), a straight line resulted. The line can be extrapolated to cosθ = 1, that is, to a contact angle of zero, signifying complete wetting. The surface tension at cosθ = 1 was given the term critical surface tension and the symbol γ c , Zisman concluded that γ c was characteristic for each solid. We should try to find out such γ c of film coating of TCM
The Contact Angle Measurements

Preparation of Fufang Danshen Tablet CP and the Test Liquids
We prepare the Fufang Danshen tablet CP by weighing the formulation 400 mg and Repressing them into 2 mm thickness and smooth surface tablet for sparing according to Chinese Pharmacopoeia as a model tablet study and design several test liquids (pure water, formamide, glycol, butanol etc.) system.
Measurements of Contact Angle of Fufang Danshen Tablet CP
Pretreatment: Place 5 ml water, Butanol, glycol, formamide in the Petri dish, respectively and then put the Petri dish in closed desiccators. The tablets employed to test were located in the closed desiccators for 48 h until the surface was saturated under the steam of the test liquid. Measure: The measurements were conducted through the way of sessile drops with a computerized JC2000A contact angle goniometer (Shanghai Balance Instrument Factory). When the JC2000A contact angle goniometer was operated, the production of the sessile drops was yielded by performing the processes as follows:
1) Control the temperature to be 25˚C.
2) The infusion needle of the instrument was coated with paraffin to ensure that the droplet is always in the needle position.
3) Placing the needle near the surface, the corresponding volume of liquid was squeezed out of the syringe. 4 ) Squeezing a drop of tested liquid on the tablet surface, focusing camera 5 s latter.
5) Recorded every 5 seconds until 30 seconds and test 10 times for each test liquid Contact angle was measured using the JC2000A, which takes a video image of the drop and uses goniometer to determine and calculate. 6) Then select the mean value as the θ. Each measurement should be finished less than 1 min to minimize the effects of evaporation of the liquids. It was found experimentally that the contact angle remained constant within this operating time. An advancing contact angles was measured in this way. Each number in the Table 1 is the mean value of at least 10 single measurements. The results and images are shown in Figure 1. 
Results and Discussion
To characterize the TCM tablet, the surface tensions of several liquids and their contact angles on the model Fufang Danshen tablet CP were determined at 25˚C, as showed in the following Table 1 .
Plot cosθ versus γ, they appear to fit nicely the Zisman principle, producing a straight line that extrapolates to cosθ corresponding to a critical surface tension of γ c = 18.00 dyne/cm as shown in Figure 1 . From the results obtained, the liquid in the tablet would be expected to the best wet on the model tablet. For a more exact calculation of the critical surface tension γ c , least-squares linear regression analysis can be applied to yield: 
According to the above critical surface tension of Fufang Danshen tablet CP which was tested to be 18.00 dyne/cm, we prepared 3 batches of film control release coated tablets of Fufang Danshen. The results of release rate and the release profiles of 3 batches of tablets were exhibited in the Table 2 and Figure 2 .
The results showed that the released rate and the verification of 3 batches which were good agreement on the quality requirements of control drug release formulations.
Conclusion
Although one frequently desires to determine the relative efficiencies of wetting agents, it is difficult to measure directly the contact angle of a solid surface. As a result of these difficulties, our experimental tests have indicated Zisman' method can be used to measure the critical surface tension of the TCM tablet in industry. To ensure the quantity control the TCM tablet, we suggest Zisman's method can be used for estimating the ability of a wetting agent or file coating on the surface of the tablet and the application property of such products are ordinary determined by subjective evaluation. More importantly, Zisman's method can be applied to the surface tension of solid which was constituted with various components. It is difficult for other indirect methods such as the Owen's method and Van Oss's method to determine the surface tension of solid owing to they must depend on accurate interaction energy parameters of each component. However, in order to ensure accessing accurate surface tension values, the nature of the surface materials should be poorly hygroscopic. Meanwhile, the humidity of experimental environment must be controlled. The surfaces of tested samples should be saturated by the tested liquid during experiment procedure. This job calls for patience.
